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Preface: In order to ease the reporting requirenent on nyself
and ny staff, | have divided ny MDD S work into a nunber of
"Projects,” in which a project is a research objective with
associ ated tasks for which one person has | ead
responsibility. The projects are described in a two-page
wite up which sunmarizes themin a comon format.

Each nonth, the project summary is revised as appropri ate,
and information on tasks acconplished during the reporting
period is provided. | review each project sunmary to ensure
that it is correct and proper.

To fulfill my reporting requirenent, | attach the foll ow ng

project summaries with acconplishnents during the quarterly
reporting period.

1. TITLE Retrieval of BRDFs and Rel ated Physical Paraneters
Using ECS Instrunents |: Evaluation of Orbit-Sensor Scenari os

2. PERSONNEL: Lead: Alan Strahler. Help: Xiaowen Li, M ke
Barnsl ey, David Jupp.

3. PRQIECT AFFILIATION. MDD S
4. DATE PREPAREDY UPDATED: 92-4-6
5. BRIEF DESCRI PTION: The abilities of Landsat, AVHRR SPOT,
MDI SN, MDD S-T and M SR to make directional reflectance
nmeasurenents are conpared and eval uated in the context of
deriving BRDFs and structural paraneters renotely.
6. BROAD CONTEXT:

A. Better understand BRDF i nference fromEGCS instrunents

B. Build productive Iinks with international
col I aborators

C. Provide context for MODI'S BRDF al gorithm devel opnent
7. REQUI REMENTS:



A. Obit/angl e codes: M ke Barnsley, X aowen Li
B. BRDF nodel s: Xi aowen Li
8. CGENERAL PLAN:

A. Run progranms and prepare graphics for typical sensing
scenari os and proper orbits.

B. Discuss and conpare the abilities of the instrunments
to sanple and retrieve the BRDF

C. Interpret the inplications for ECS, MXOD'S, and M SR

9. PRQJECT STATUS: A and B., largely conplete; C in
pr ogr ess

10. PRESENTATI ONS/ PUBLI CATI ONS

A. Barnsley, Strahler, Miller, Li paper, nowin draft.
To be conpl eted Spring, 1992

B. Prepare a brief report for the MDD S Team Meet i ng,
April, 1992.

11. SPECI AL PROBLEMS/ COWENTS: None at this tine.
12. REPORTI NG PERI CD. January- March, 1992
13. ACCOVPLI SHVENTS:

A. Due to the change in ECS configuration to AM and PM
platfornms and the deselection of MOD S-T in favor of

M SR, nost of the calculations carried out for the paper
needed to be redone. These were the primary activity of
M ke Barnsl ey at UCL during the reporting period.

B. Wiile the cal cul ations were being redone, Al an
revised parts of the manuscript accordingly, adding to the

di scussion, etc., to incorporate the program and instrunent
changes.
C. Presently, the manscript is still with Mke Barnsl ey

and Peter Miller.

1. TITLE Devel opnent of Land Cover/Land- Cover Change
Characterizati on Techni ques for MDD S N Phase |

2. PERSONNEL: Lead: Aaron Mbody Hel p: Alan Strahler



3. PRQJECT AFFILIATION: M S
4. DATE PREPARED UPDATED: 92-4-5

5. BRIEF DESCRI PTION: The utility of conposited AVHRR dat a
for Land Cover/Land- Cover Change categorization is exam ned
intwo ways. First, AVHRR characteristics and their relation
to broad vegetation cover types are explored for selected
ecoregions of the U S., including New Engl and and Eastern New
York, Maryland and the mddle Atlantic region, and Sout hern
California. Initial problens include multitenpora
registration/rectification, view and sun-angle dependence,
and the role of cloud cover in the conpositing procedure.
Second, |and cover types and characteristics as inferred from
AVHRR are exami ned for a set of 100x100 km U.S. test areas,

i ncludi ng eastern Massachusetts; Konza Prairie; d acier
National Park; La Jornada, New Mexico; and Cak Ri dge,
Tennessee. Methods of AVHRR processing i ncl ude unsupervi sed
and supervised classification; clustering based on tenporal
bands, principal conponents, and derived variabl es; | abeling
of AVHRR- pi xel s based on NDVI tine trajectories; and
conparison with MSS and ot her avail able data, such as TM and
SPOT, for validation. Terrain effects are assessed using
digital terrain nodels.

6. BROAD CONTEXT:

A. Exam ne and understand the influence of tenporal and

spati al sanpl i ng consi derations, clouds, conpositing, and
veget ati on i ndi ces on | and cover characterization and how
t hese will affect | and cover characterization from MDD S.

B. Gain a basic physical understanding of the |and
surface, how it is changing, and how underlying controlling
factors in the |andscape influence the | and cover.

C. Devel op appropriate procedures for processi ng AVHRR
and, ultimtely MODI S data to produce global |and cover/I| and-
cover change inventori es.

D. Provide a Ph. D. for Aaron Mody.

7. REQUI REMENTS:

A. H gh tenmporal resolution AVHRR LAC data at
continental and, eventual |y gl obal scale.

B. MsS, TM SPOTI, and ground data from 20 to 30 100x100
km t est sites representing a wide array of |and cover types
and m xtures.

C. dobal digital terrain data.



8. CGENERAL PLAN:

A. Reviewthe literature for current procedures and
probl enms associated with processing AVHRR data for | and
cover studies. i. e. nonitoring vegetation dynam cs,
characterizing |land cover, limtations of max-val ue
conposi ting procedure.

B. Use AVHRR data to run nultiple | and cover
classifications using different techniques; eg. supervised
and unsupervi sed cl assifications using tenporal bands;
princi pal conponent bands; and derived vari abl es such as
onset of greenness, max NDVI val ue, date of max value, |ength
of grow ng season, etc.

C. Collect/conpile high resolution satellite data and
field data for a wide range of test sites representing many
| and cover types and conbi nati ons.

D. Test, validate and inprove the classification
procedures through conparison with the field data and hi gh
resolution satellite data.

E. Assess relative perfornmance of various classification

procedures and begin to fornulate plan for global |and
cover assessnent.

F. Exam ne rel ationshi ps between non-|and cover rel ated
factors and the quality of the conposited data.

9. PRQJIECT STATUS. A-C, F, in progress; D, E, begin Fall,
1992.

10. PRESENTATI ONS/ PUBLI CATI ONS

A Article on clouds and view ng angle problens in
conposited AVHRR data; submt Spring 1992.

B. Articles conparing perfornmance of various
classification techniques across a host of test sites; submt
Fal | 1993.

C. Mbody Ph.D. dissertation.

11. SPECI AL PROBLEMS/ COMMVENTS: No probl ens/ comrent s
12. REPORTI NG PERI CD: January- March, 1992.
13. ACCOWPLI SHVENTS:
A. Review of global/regional |and cover studies using

AVHRR data. Focused on four main thenes: issues involved in
maxi mum val ue conpositing procedure; nonitoring of vegetation



dynam cs; vegetation classification; and issues of spati al
and tenporal resolution. Began wite up of literature review

B. Contacted Al fredo Huete. Requested archived Landsat
MBS scenes for d acier National Park, Mntana; La Jornada,
New Mexi co; Harvard Forest, Mssachusetts; Konza Prairie,
Kansas; (Oak Ridge National Lab, Tennessee. Al except ORNL
site are in the process of being requested from ERCS Dat a
Center by Alfredo Huete. Al so contact Steve Runni ng about
sharing nore detailed data (i. e. MBS, TM SPOI, and | and
cover maps) for the G acier National Park site. Prelimnary
Harvard Forest data is on l'ine.

C. Exam ned rel ati onshi ps between AVHRR conposited NDVI
val ues (biweekly) and solar zenith angle and rel ative azimuth
angl e. There does not initially appear to be any
rel ati onshi ps between these factors.

D. First and second drafts of paper (A) conpl eted. Focus
on: influence of view ng angle on data quality; success of
conpositing procedure in elimnating cloud contam nated and
of f-nadir pixels; influence of data receiving station on view
angl e of inmagery. Next draft in progress.

E. Preparation of presentation of research results for
MODI S neeti ng.

MODI S- SPATI AL STRUCTURE

1. TITLE Devel opnent of Measures of Spatial Structure in
MODI S-N 250m | nagery and Their Application for Local Surface
Characterizati on and Subpi xel C oud Detection.

2. PERSONNEL: Lead: Panel a Cashman. Hel p: Shunlin Liang
3. PRQIECT AFFILIATION. MDD S

4. DATE PREPAREDY UPDATED: 92-4-3
5.

BRI EF DESCRI PTI ON. Measures of spatial structure and their
information content are explored for 250-m and 1-km MODI S
i magery whi ch has been sinul ated by col |l apsi ng Landsat T™M
bands 3 and 4 to a | ower resolution using an | FOV-sinul ati ng
Fourier convolution filter. Measures tested include w ndow
variance and cross-band correl ation; adjacent pixel variance
and cross-correl ation; and one-di nensi onal sem vari ance and
co-sem variance. The neasures are examned for their ability
to (1) characterize the spatial pattern of |and surface
covers, and (2) detect the presence of cloud cover for
flaggi ng of 1-km MODI S pi xel s.

6. BROAD CONTEXT:



A. Understand better the spatial characteristics of |and
covers at nultiple resolutions.

B. Identify candidate algorithns for use in MDD S-N
pr ocessi ng.

C. Enhance our ability to process inages for spatial
i nformation by devel opi ng appropri ate software.

D. Provide an MA degree for Panela Cashnan.
7. REQUI REMENTS:

A, Sinmul ated two-band MODI S-N data at 250m and 1km
resol uti ons.

B. Prograns to calculate spatial structure neasures in
non- nmovi ng i mage w ndows.

8. CGENERAL PLAN:
A. Search literature for rel event papers.

B. Acquire simulated MODIS-N data for clear and partly
cl oudy scenes from John Barker, GSFC

C. Calculate variograns and sinple statistical neasures
(such as mean and standard deviation) for 16 pixel groups
(corresponding to 1 1-km pi xel) for each 250-m band.

D. Conpare variograns to spectral reflectance
distributions (in 4x4 wi ndows), searching for patterns and
irregularities.

E. Calcul ate cross-correl ati on neasures between the 250-
m bands.

F. Cal cul ate ot her neasures of spatial structure such as
texture and spatial frequency (Fourier transforns) for both
250-mbands in 4 x 4 wi ndows.

G Exam ne spatial heterogeneity as a function of the
| andscape, and exam ne how spatial neasures are influenced by
partial cloud cover.

H Quantify cloud cover for each 1-km pixel based on
250- m dat a.

| . Devel op a procedure (conplete with appropriate
algorithm(s)) and indexing systemto quantify spatia
structure and vari ation.



J. Test the procedure on both atnospherically corrected
and uncorrected data to determ ne the inportance of when to
apply the al gorithn{(s).

K. Prepare Thesi s/ publication manuscri pt.

9. PRQJIECT STATUS:. A largely conplete; B conplete for cloud-
free images; C, D, and E in progress.

10. PRESENTATI QV PUBLI CATI ONS:
A Article in appropriate journal.
B. Cashman MA thesi s.

11. SPECI AL PROBLEMS/ COMMENTS:

A. Exami nation of the original TM data has reveal ed few
cl oudy pi xel s.

12. REPORTI NG PERI CD: January- March, 1992.
13. ACCOVPLI SHVENTS:

A. Received Chernobyl data fromJ. Barker & Co. at GSFC
Archived into IPWformat, displayed and exam ned dat a.

B. Wth help of Shunlin, wote programto cal cul ate
variogramand rel ated statistics for the 16 250-m pi xels in
each 1-km pi xel .

C. Plotted variograns and conpared with imagery to
understand spatial patterns and how they are reflected in the
vari ogram val ues.

D. Began preparation of viewgraphs for Al an to present
at MODI'S Team neeti ng.

STAT- BRDF
TITLE A Statistical BRDF Mdel
PERSONNEL: Lead: Shunlin Liang. Hel p: Abuel gadir El gasim

1

2

3. PRQJECT AFFILIATION: M S

4. DATE PREPAREDY UPDATED: 92-04- 02
5.

BRI EF DESCRI PTION. W devel op a sinple but effective
nmet hod for characterizing and retrieving the BRDF from
directional neasurenents at the top of the atnosphere. The



BRDF i s nodel ed as a conposite of two functions--a |inmacon
function that produces the famliar bow -shape of BRDF' s, and
a hotspot function, using an exponential Hapke-type kernel.
Using six paraneters, the LARS soybean BRDF data of Ranson et
al. is fitted within 3% Inversion is tested with ASAS data
fromthe FEDVAC experinment for the infrared band to retrieve
BRDF shape. Further, the nodel can be easily incorporated

i nto atnospheric nodel s as a nonl anberti an boundary

condi ti on.

6. BROAD CONTEXT:

A. Enhance our understandi ng of the characteristics of
BRDFs.

B. Explore BRDF retrieval in the context of MDD S/ M SR
ECS i nstruments.

C. Ph.D for Shunlin Liang.
7. REQUI REMENTS:
A. Ranson soybean refl ectance data.

B. ASAS data for OITER site (lrons) and PARABOLA BRDF
nmeasur enments (Deering).

C. Running C prograns for BRDF retrieval.
8. CGENERAL PLAN:
A. Develop the statistical BRDF nodel .

B. Devel op paranetric atnosphere RT nodel over
nonl anberti an surface nodel.

C. Validate with Ranson soybean canopy refl ectance
neasur enent s.

D. btain ASAS data from OITER experi nment.

E. Retrieve BRDF from ASAS, conpare fit with
nmeasurenments and possibly Li-Strahler G O BRDFs. Use OITER
sun phot onet er neasurenents for atnospheric paraneters.

F. Retrieve BRDF from PARABCOLA neasurenents by Deering
of shinnery oak.

G Prepare dissertation/publication manuscript.
9. PRQJIECT STATUS. A -F. conplete; G in progress.
10. PRESENTATI ONS/ PUBLI CATI ONS:



A. Retrieval of BRDF fromnultiangle renotely sensed
data, for Renote Sensing of Environnent, May, 1992.

B. Ph.D dissertation, My, 1992.
11. SPECI AL PROBLEMS/ COMMVENTS: No speci al probl ens.
12. REPORTI NG PERI CD. January- March, 1992
13. ACCOVPLI SHVENTS:

A. Continued devel opnent of BRDF characterization.
Conpared hotspot nodel using 2-D multivariate normal shape
to sinple negative exponential Hapke-type nodel, and sel ected
Hapke as the better fit.

B. Ran and tested nodel agai nst discrete ordinates
solution for coupl ed atnosphere-canopy BRDF and obtai ned
good fit as long as view angles are not greater than about 40
degr ees.

C. Used nethod to retrieve BRDF from OTTER ASAS
nmeasurenents and Deering's shinnery oak data, got good fits.

D. Devel oped first and second drafts of manuscript for
RSE subm ssi on

BRDF ALBEDO

1. TITLE Modeling the D rect-Beam | nstantaneous Spectral
Surface Al bedo of a Forested Landscape using CGeomnetic-Qptics
and a D stributed Parameter Approach

2. PERSONNEL: Lead: Crystal Schaaf Help: Xiaowen Li, Shunlin
Li ang

3. PRQIECT AFFILIATION: MDD S
4. DATE PREPARED UPDATED: 92-4-3

5. BRI EF DESCRI PTION: The Li-Strahl er geometric-optical node
represents the BRDF of an ani sotropic canopi ed surface. This
nodel can be extended by integrating over all view angles to
provi de a direct-beam instantaneous surface al bedo for that
surface. Further integration over the sun's path in the sky
can yield daily or longer interval albedos as well. These
spectral | y dependent hem spherical reflectance val ues do not
directly include multiple scattering, diffuse or specul ar

ef fects, although sonme acconodati ons for these phenonena can
be made. The sensitivity of nodel ed al bedos to illum nation
angl e, topography, and sensor resolution will be explored in



the context of paraneterizing climtic nodels for rugged
terrain.

6. BROAD CONTEXT:

A. Extend the Li-Strahler nodel to calcul ate
i nst ant aneous spectral al bedos and ultimately to produce the
dai ly al bedos used by the clinmate nodeling comunity.

B. Cone to an understandi ng of how al bedos vary within
and across the | andscape.

C. Sinulate the al bedo conputations that will be
possi ble with ECS sensors such as M SR

D. PhD for Gystal Schaaf.
7. REQUI REMENTS:
A. Al bedo code fromLi-Strahl er nmutual shadow ng nodel
B. Code to conpensate for the effect of topography.
C. Scene sinulation system
8. GENERAL PLAN
A. I nplenment al bedo cal cul ati ons.

B. Test sensitivity of calculation to solar illumnation
angl e.

C. Create a simulation scene to test topographic and
scene versus pixel sensitivities.

D. I npl enent topographic corrections.

E. Test sensitivity of nodel ed al bedo to topography and
conpare pi xel al bedo to scene al bedo.

F. Prepare dissertation/publication.
9. PRQJIECT STATUS: A and B conplete, Cin progress.
10. PRESENTATI ONS/ PUBLI CATI ONS

A. Poster for | GARSS conference -- May 92.

B. Journal article for |EEE special issue -- due 1 Sept
92

B. PhD Dissertation or journal articles.

11. SPECI AL PROBLEMS/ COMMVENTS: No pr obl ens.



12. REPORTI NG PERI CD. January- March 1992
13. ACCOVPLI SHVENTS:

A. The primary activity during this reporting period has
been revising, rewiting and debuggi ng the Li-Strahler nutual
shadowi ng nodel for conputation of the BRDF. The earlier
version of this code incorporated a sensor nodel for
generating view and sun angles, which [imted its useful ness.
Further, Dr. Li has continued to inprove the nodel even as it
was bei ng recoded.

B. Many nodel runs were carried out for the OITER sites,
facilitating the conparison of the Li-Strahler mnutual
shadowi ng BRDF wi th ASAS neasurenents. This work was used by
El gasimfor his paper.

C. Areal conifer forest scene was obtained fromthe
Forest Service project along with structural paraneters that
will allow distributed paraneter BRDF nodeling. Code is under
devel opnent to nodel spectral al bedo given appropriate
conponent si gnat ures.



